Specifically, survivors of central nervous system malignancies report higher levels of depression than comparison siblings and US population norms, while survivors of Hodgkin and non-Hodgkin lymphoma report greater somatic symptoms (Zebrack et al, 2004 (Zebrack et al, , 2007 Zeltzer et al, 2008) . Risk factors for elevated distress symptoms include female sex, cranial irradiation, single or divorced marital status, unemployment, and annual household income o$20 000 (Zeltzer et al, 2008) .
In the general population, greater levels of distress are present among adult females and individuals with lower compared with higher levels of educational attainment (Schieman et al, 2001) . Recent longitudinal data suggest that these disparities, observed throughout adulthood, are a result of psychological distress specific to a group of individuals with persistent distress rather than acute distress among continually changing groups of individuals (Miech et al, 2007) . However, psychological distress in adulthood also has been associated with changes in socioeconomic factors (e.g., job loss, divorce) and health status (Hope et al, 1999; Miech and Shanahan, 2000) . How patterns of psychological distress persist or change among adult survivors of childhood cancer, who are vulnerable to declines in health status, are largely unknown.
The established risk factors of distress in survivors and the general population, lend support for a conceptual model of psychological functioning, which considers the dynamic interplay of biological, psychological and social factors (i.e., biopsychosocial framework; Engel, 1981) . The primary aim of this study was to investigate longitudinal patterns of psychological distress in a large cohort of adult survivors of childhood cancer using a biopsychosocial framework. Although previous reports suggest that psychological distress affects only a subgroup of adult survivors, the cross-sectional nature of these studies has precluded understanding how psychological distress may change over the course of survivorship (Zebrack et al, 2004 (Zebrack et al, , 2007 Zeltzer et al, 2008) . Importantly, a longitudinal approach allows for the identification of risk and protective factors that may influence the trajectory of psychological distress. Knowledge of how symptoms of psychological distress persist or change over time, as well as factors that influence such patterns, are essential to guide the development and timing of screening and interventions to address distress disparities among survivors. We hypothesised that female survivors would demonstrate increased risk of persistent distress and that adverse changes in socioeconomic factors (e.g., income, employment and marital status) would be associated with increased risk of persistent psychological distress. We also hypothesised that patterns of change in self-reported physical health status would be associated with patterns of change in psychological distress (i.e., improved physical health status will be associated with reduced psychological distress; worsened cancer-related pain will be associated with increased psychological distress).
MATERIALS AND METHODS
Childhood cancer survivor study (CCSS). The CCSS cohort consists of survivors of the most common forms of childhood cancer diagnosed at p21 years of age and treated at one of 26 institutions between 1970 and 1986. All survivors were 5 or more years from their original diagnosis upon study enrolment. The study was approved by the institutional review board at each collaborating institution and informed consent was obtained from each study participant. Primary outcomes. Psychological distress was measured by the BSI-18 (Derogatis, 2000) . The BSI-18 is an 18-item questionnaire that utilises a five-point Likert scale response format and provides a global measure of psychological distress as well as subscales for anxiety, depression and somatisation. Strong correlations between the BSI-18 and Symptom Checklist-90-Revised have been reported (Recklitis and Rodriguez, 2007) and the three-factor model of distress has been validated in adult survivors of childhood cancer (Recklitis et al, 2006b ). In the current sample, Cronbach's alpha was calculated at each assessment point across subscales (baseline: depression ¼ 0. 88, anxiety ¼ 0.80, somatisation ¼ 0.72; 2003 follow-up: depression ¼ 0.89, anxiety ¼ 0.82, somatisation ¼ 0.76; 2007 follow-up: depression ¼ 0.90, anxiety ¼ 0.82, somatisation ¼ 0.73) . Raw scores were converted to T-scores using sex-specific normative data from a sample of community dwelling adults in the United States (Derogatis, 2000) . Higher scores on the BSI represent greater levels of distress. Scores falling X90th percentile (i.e., T-score X63) were classified as representing a clinical level of emotional distress.
Predictors and covariates. Demographic and socioeconomic variables considered in the analyses included sex, age at the time of survey completion, health insurance status, personal income (o$20 000 or X$20 000), employment status (employed vs unemployed), educational attainment (phigh school graduate or Xsome college) and marital status (married/living as married, divorced/separated/widowed, or single/never married). Cancerrelated variables, measured at baseline, included age at diagnosis, radiation therapy and chemotherapy (yes/no). Radiation therapy was categorised as none, non-cranial and cranial radiation, which was further dichotomised as p20 and 420 Gy. Survivor report of physical health status (fair or poor vs good, very good, or excellent) and cancer-related pain (none or small amount vs medium amount, a lot or very bad) were included as primary predictors. Antidepressant, anxiolytic and analgesic medication use were included as covariates (for description of medication classification, see Brinkman et al, 2013) . Survivors completed a 289-item survey that included questions regarding their physical health conditions, including age of onset of the condition. To determine severity of (Oeffinger et al, 2006) . This scoring system was developed through the National Cancer Institute and intended for use in scoring acute and chronic conditions in patients with cancers and survivors of all ages (Trotti et al, 2003) . Unless otherwise noted, all demographic, socioeconomic, and health-related predictors and covariates were measured at baseline and follow-up 3. Cancer-related pain was measured at baseline and follow-up 2. Change in covariates and predictors over time were coded as no change vs positive change (e.g., improved physical health status) or no change vs negative change (e.g., worsened physical health status). For example, worsened physical health status was defined as report of good, very good or excellent health status at baseline and fair or poor health status at follow-up 3 while improved physical health status was defined as report of the reverse pattern. No change was defined as report of symptoms that fell into the same category at baseline and follow-up 3.
Statistical analysis. Descriptive statistics were calculated for all outcomes, predictors and covariates used in the analyses. We used a structural equation modelling (SEM) technique that allowed for the identification of discrete profiles of psychological distress (Mplus 6; Muthén and Muthén, 1998-2010) . Longitudinal latent profile analysis (LPA), a submodel of SEM, is a multiple-group structural equation model in which the group variable is unobserved. LPA uses measured variables (e.g., psychological distress) to identify different groups of survivors where it is hypothesised that group differences exist but the number and nature of the groups is not known. The grouping variable (e.g., class membership) is not measured or observed but is derived from the observed data. In LPA, multiple statistical indicators are used to select the best fitting model. Fit indices considered in the current analysis included (1) Bayesian Information Criterion, with the lowest value among competing models indicating best fit; (2) entropy, an estimate of how well the model classifies subjects, with values closer to 1.0 indicating better classification; (3) Vuong-LoMendell-Rubin likelihood ratio test (VLMR) and sample sizeadjusted VLMR with P-values o0.05 indicating a significant difference in model fit between two nested models that vary by one class; and (4) minimum class membership X5% to provide sufficient power for subsequent analyses. Models were fit with two through six profiles for each distress index to determine the optimal number of profiles needed to describe survivors from baseline through follow-up 3. Posterior probability testing was also Longitudinal distress in childhood cancer survivors BRITISH JOURNAL OF CANCER conducted to determine how well each participant fit into their assigned class. Once class membership was established via the above methodology, predictors of class membership were examined through logistic regression modelling with robust variance estimates to account for within subject correlation using SAS version 9.2 PROC Logistic (SAS Institute, Cary, NC, USA). Multivariable models, considering all possible combinations of predictors and covariates, with the smallest Akaike information criterion were selected as the final model for each distress outcome. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for all predictors and covariates retained in the final model.
RESULTS
Characteristics of survivors who completed the BSI-18 at all three study time points were similar to those of survivors who completed the BSI-18 at only one or two time points (Table 1) . A slightly larger proportion of females completed the BSI-18 at all three time points compared with males (Pp0.001). Survivors who completed the BSI-18 at all three time points were, on average, 27 years of age at baseline (17 years from diagnosis), 35 years at follow-up 2 (25 years from diagnosis) and 40 years at follow-up 3 (30 years from diagnosis).
The LPA modelling indicated that survivors fell into four meaningful classes of depression (posterior probability range: 0.97-1.0, mean: 0.98), anxiety (posterior probability range: 0.85-1.0, mean: 0.89) and somatisation (posterior probability range: 0.92-0.98, mean: 0.94) based on their symptom scores over time. Figure 2 depicts the four distinct longitudinal patterns of symptoms of depression (Figure 2A ), anxiety ( Figure 2B ) and somatisation ( Figure 2C ) defined by our models: (class 1) survivors with few or no symptoms at all time points; (class 2) survivors with elevated symptoms at baseline that decreased over time; (class 3) survivors with few or no symptoms at baseline that increased over time; and (class 4) survivors with elevated symptoms that persisted over time. Supplementary online Table 1 provides the model fit indices for two to six class solutions for each distress outcome. Mean scores for each longitudinal class across all study time points are shown separately for depression, anxiety and somatisation (Table 2) .
Persistent distress symptoms. For each psychological outcome, a subgroup of survivors was classified as reporting persistently elevated or chronic symptoms of distress (Table 2: class 4: depressive symptoms: 8.9%; anxiety symptoms: 4.8%; somatic symptoms: 7.2% of survivors). Compared with the majority of survivors who reported few to no symptoms of distress over time (class 1), class 4 membership was predicted by the presence of a mild-to-moderate medical condition at baseline (depression: OR ¼ 1.6; 95% CI ¼ 1.2-2.2; anxiety: OR ¼ 1.6; 95% CI ¼ 1.1-2.5; somatisation: OR ¼ 1.8; 95% CI ¼ 1.2-2.9), perception of worsening physical health over time (depression: OR ¼ 2.9; 95% CI ¼ 2.0-4.1; anxiety: OR ¼ 3.4; 95% CI ¼ 2.3-5.4; somatisation: OR ¼ 4.4; 95% CI ¼ 2.8-6.8) and increased cancer-related pain (depression: OR ¼ 2.1; 95% CI ¼ 1.4-3.2; somatisation: OR ¼ 3.3; 95% CI ¼ 2.0-5.4). Change in marital status from previously being married to being single was associated with increased likelihood of persistent depressive symptoms (OR ¼ 2.3, 95% CI ¼ 1.1-4.6), whereas change in employment status to unemployed was associated with persistent somatic symptoms (OR ¼ 1.8, 95% CI ¼ 1.2-2.8; see Table 3 ). Radiation therapy, employment change and personal income change did not contribute to models predicting persistent symptoms of anxiety or depression.
Increasing distress symptoms. Class 3 defined by our models comprises survivors who reported few or no symptoms at baseline with increasing symptoms of distress over time (depressive symptoms: 10.2%; anxiety symptoms: 11.8%; somatic symptoms: 13.0% of survivors), such that significant levels were observed within the group by the end of follow-up. Compared with survivors with few to no symptoms over time (class 1), class 3 membership across all symptoms was predicted by reported perception of worsening physical health over time (depression: OR ¼ 3.3; 95% CI ¼ 2.4-4.5; anxiety: OR ¼ 3.0; 95% CI ¼ 2.2-4.0; somatisation: OR ¼ 5.3; 95% CI ¼ 3.9-7.4). Class 3 membership for symptoms of somatisation was associated with perception of increased cancer-related pain over time (OR ¼ 2.4; 95% CI ¼ 1.6-3.6) and female sex (OR ¼ 1.6, 95% CI ¼ 1.3-2.0; see Table 3 ). Radiation therapy did not significantly contribute to multivariable models predicting increasing distress symptoms over time.
Decreasing distress symptoms. Among the identified classes of symptoms, class 2 and class 4 are characterised by elevated distress symptoms at baseline, with a reduction in symptoms to subclinical Survivors treated with non-cranial radiation were significantly less likely to report decreasing somatic symptoms (OR ¼ 0.6; 95% CI ¼ 0.4-0.9). Survivors with worsened physical health status were also less likely to have decreasing somatic symptoms over time (OR ¼ 0.3; 95% CI ¼ 0.2-0.5; see Table 4 ). Chronic medical conditions were unrelated to decreasing symptoms of psychological distress.
DISCUSSION
We report on longitudinal patterns of psychological distress in a large cohort of adult survivors of childhood cancer. Our findings are novel and compelling because not only do we demonstrate that subgroups of survivors are at-risk for persistent distress over the course of survivorship, but we also establish that in survivors psychological distress may emerge over several decades following their original cancer diagnosis. These findings have important implications for screening practices among health care providers caring for long-term survivors of childhood cancer. Overall, the majority of survivors reported no or few symptoms of psychological distress at multiple time points over the 13-year follow-up period. This is consistent with previous cross-sectional reports indicating that elevated distress symptoms may affect only a subset of childhood cancer survivors (Zebrack et al, 2004 (Zebrack et al, , 2007 Zeltzer et al, 2008) . That the majority of survivors reported no distress over time also supports emerging literature describing the perceived positive impact of cancer in many survivors, consistent with the phenomenon of post-traumatic growth (Zebrack et al, 2012) . Moreover, we identified a subset of survivors who reported improvement in distress symptoms over time. Of interest, when compared with survivors who reported similar symptom levels at baseline but did not demonstrate a reduction in symptoms over time, survivors with decreasing symptoms were largely characterised by the absence of risk factors associated with distress (i.e., treatment factors and changes in sociodemographic variables), as opposed to the presence of unique protective factors.
We identified a subset of survivors who reported persistently elevated distress (depression: 8.9%, anxiety: 4.8%, somatisation: 7.2%) over the 13-year follow-up period. This finding highlights the potential pervasive course of these symptoms for some childhood cancer survivors and suggests that this group of survivors may benefit from early targeted intervention efforts to reduce distress or better manage physical health symptoms. We previously reported that 19% of survivors in CCSS initiated treatment with an antidepressant medication over a 10-year followup period (Brinkman et al, 2013) ; however, the effectiveness of such treatment in this population remains unclear. In fact, we found that initiation of psychoactive medication use in the current sample was associated with increased symptoms of distress over time. Nonpharmacologic approaches toward the management of distress have demonstrated effectiveness in the general population and provide an alternative treatment approach for survivors. Specifically, cognitive-behaviour therapy (CBT) is a well-established treatment for anxiety and depression (Butler et al, 2006) , with long-term benefits comparable to or exceeding those observed with pharmacotherapy treatment alone (Shea et al, 1992; DeRubeis et al, 1999; Hart et al, 2012) . Of note, we did not have data related to the use of nonpharmacologic treatment approaches in our cohort of survivors.
Importantly, we found a modest proportion of survivors characterised by few distress symptoms at cohort entry that Personal income change (vs no change)
Decreased income increased steadily over time (depression: 10.2%, anxiety: 11.8%, somatisation: 13.0%). This pattern reflects a group of survivors previously undetected in cross-sectional follow-up studies of childhood cancer survivors. Moreover, this group represents survivors who would not be identified through a single screening of distress at the time of study cohort entry. Thus, these data highlight the need for regular, repeated screenings of psychological distress in adult survivors of childhood cancer. Such screenings may be particularly important for survivors who develop late medical morbidities that result in reduced health status. Notably, we found that survivor perception of worsened physical health status and increased pain was significantly associated with reports of persistent and increasing symptoms of distress over time. Moreover, changes in socioeconomic factors such as marriage and employment were associated with persistent and increasing distress. The presence of psychological distress may be conceptualised within a biopsychosocial model of health, which holds that health and illness result from the complex interplay of biological, psychological, and social factors (Engel, 1981) . Thereby, macrolevel processes such as social support (e.g., marriage, employment) and microlevel processes (e.g. chemical imbalances, organ dysfunction) interact to produce a state of health or illness.
Effective distress management requires timely and accurate identification of symptoms. As only a small proportion of adult survivors of childhood cancer are followed by an oncologist , the burden of identifying distress symptoms in this survivor population often falls to general practitioners. Previous data suggest that most physicians working with oncology patients do not feel confident dealing with distress and few utilise standardised questionnaires to assess patient distress (Mitchell et al, 2008) . Moreover, front-line clinicians demonstrate approximately 50% sensitivity and 80% specificity when assessing distress in cancer patients (Mitchell et al, 2011) . These data, in the context of our findings, suggest that routine screening of psychological distress with a validated instrument (e.g., Brief Symptom Inventory) is warranted in adult survivors of childhood cancer. However, comprehensive care extends beyond screening and requires appropriate referrals for mental health evaluations and indicated treatment (e.g., CBT). Although our study provides important insights toward understanding the trajectory of psychological distress in adult survivors of childhood cancer, we must acknowledge several limitations. The longitudinal analysis only included data from survivors who completed the BSI-18 at all three study time points. Although survivors who completed the BSI-18 at one or two time points did not differ from those who completed all three on key demographic and treatment factors at baseline, we cannot rule out the potential influence of selection bias. The BSI-18 provides a measure of distress symptoms over the previous 7 days. Although our study was longitudinal, the infrequent measurement of distress coupled with the short symptom reporting window, may result in an inaccurate estimation of survivors who experienced distress symptoms over the 13-year follow-up. Our study used, almost entirely, self-reported data to measure outcomes and predictor variables. We did not consider reciprocal relationships between predictors and outcomes. It is possible that distress levels influenced reporting of certain factors, such as perceived health status and pain. In addition, there are likely several unmeasured variables that may contribute to distress symptoms in this population of survivors. Future research is needed to examine comorbidities between types of distress and between distress and other factors such as fatigue, personality, social support and community integration. Finally, although we identified subgroups of survivors with divergent patterns of distress symptoms over time, age and time since diagnosis were fairly heterogeneous both within and across study time points. This limits our ability to generalise our findings to other groups of adult survivors of childhood cancer.
Our results show that well into adult survivorship, the majority of childhood cancer survivors do not present with elevated distress symptoms. However, we identified two subgroups of survivors who will likely benefit from intervention to mitigate or prevent the onset of symptoms: (1) survivors with persistently elevated distress and (2) survivors with emerging distress symptoms over time. Toward this goal, our data underscore the importance of routine screening of psychological morbidities in adult survivors of childhood cancer. 
